A considerable proportion of current point-of-care devices do not offer a wide enough set of capabilities if they are to function in any telehealth system. There is a need for intermediate devices that lie between healthcare devices and service networks. The development of an application is suggested that allows for a smartphone to take the role of an intermediate device. This research seeks to identify the telehealth service requirements for long term condition management using a Product-Service System (PSS) approach. The use of PSS has proven to be a suitable methodology for the design and development of telehealth smartphone applications.
Introduction
The management of long term health conditions or chronic diseases is an ongoing concern for public healthcare organisations in Europe. Within the UK over 15 million people in England are suffering from at least one long term condition, defined as "a health problem that can't be cured but can be controlled by medication or other therapies". 1 The management of long-term conditions creates high economic and human cost for health institutions, especially when it entails avoidable hospitalisations.
The deployment of telehealth systems that enable people with long-term conditions to manage their health at home could be the means towards cost-effective high quality care services. These kinds of telehealth systems rely on sensor-equipped healthcare devices (point-of-care devices) that keep track of patient's conditions and transmit this information to a monitoring service.
At present there is a general lack of informatics capabilities in existing healthcare devices, such devices do not record data in an exchangeable format and are difficult to interface with intermediary systems; this limits their use in telehealth applications. There is a need for Intermediate Devices (IDs) that address this informatics gap. IDs lie between healthcare devices and the service network allowing the interaction between patients and health professionals. 2 Both healthcare devices and IDs are usually proprietary, which leads to interoperability issues, so an open source platform would be preferable to provide telehealth services. 2 From this perspective, a recent increase in smartphone usage leads to an opportunity where smartphone applications can be designed and built that transform smartphones and tablets into telehealth IDs. Implementing Product-Service System (PSS) in telehealth opens a new opportunity to change the traditional healthcare delivery model. The PSS is a business model that is defined as "a marketable set of products and services capable of jointly fulfilling a user's need. 3 The product/service ratio in this set can vary, either in terms of function fulfilment or economic value". 4 It is suggested that the PSS concept can help obtain informatics service requirements for such applications. This paper explores the possibility of applying a PSS approach to the design of a telehealth ID smartphone application.
The need for telehealth services has been acknowledged by governmental institutions. The European Commission has found essential to apply information and communication technologies in healthcare sector across the European Union to provide more efficient healthcare services for European citizens 5 .
In the UK the Technology Strategy Board has also announced a £23 million investment for the Dallas -Delivering Assisted Living Lifestyles at Scale-programme. This programme aims to show how assisted living can promote well-being, and provide independent living technologies and services. 6 The devices used in this programme all output data in a form that can be read by the Dallas portal applications. 7 In comparison with such telehealth systems the application developed for this research is potentially capable of being used with a wide range of both new and existing hardware devices as it acts as an intermediary device. This is especially important in healthcare systems where a wide range of devices may be in use and compatibility may be an issue. Such a smartphone device is flexible in terms of the user interface it can display to a user and type of data it can capture.
Even where medical devices are wireless capable it is still possible that a role for an intermediary device could still exist. In the work of Furniss et al. 8 where the use of wireless glucometers in the UK National Health Service was examined, from an ergonomic standpoint, it was noted that a number of medical staff were unsure of what data was being uploaded and there were additional factors identified with the difficulty in the use of such devices by the patient at home. In such cases an intermediary device could display the data being uploaded and the success or failure of the transmission. In addition it could act as a real time guide to the use of the glucometer by users unfamiliar with its operation. It was also the case that the glucometers came with a note taking function, for the text based recording of patient details and observations, that was generally not used. It was put by Funrniss et al. 8 that the note taking function should be redesigned and allow for two way communication with medical staff for example. Such text based functionality is readily available via a smartphone intermediary device with a suitable software application; with the benefit that many more people are familiar with the use of such phones.
The healthcare sector has always been conceived as an area where PSSs have a huge potential. However, this sector has had limited research interest. One such research work is presented by Hareva et al. 9 who provide a smartphone based iridology application to predict the health of a patent through an examination of their iris. The application is entirely phone based and can at present be used to predict four disease types. In telehealth PSS terms the Point of Care (POC) device would be the product. The level of servitization of such a product would depend on the medicine informatics capabilities that the device offers. This may determine whether the device could be part of a PSS without any redesign, or whether there is a need to add any kind of product capability. 10 The level of servitization would also determine at which level (product, use or result oriented) the PSS would operate. Some services that could be provided by POC devices taking a PSS approach are: 11  Test management: Reminders for the patients to carry out tests.  Medication management: Reminders for the patients to take their medication.  Lifestyle management: An option for patients to enter their diet and lifestyle habits.  Feedback (condition monitoring): A report on patient results and trends along with advice of professionals in order to improve patients' health conditions.  Alarm management: Alarm triggering when there is any unexpected event (extreme result), prompting the user to contact a health professional or contacting health professionals automatically. These functions are the service requirements for any result-oriented telehealth PSS.
Adopted PSS Methodology
One of the major decisions when developing a PSS is to initiate a suitable PSS design methodology. In this context, where a telehealth PSS has to be designed, the Use cases & Scenarios methodology was followed. 12 This methodology permits identifying the interaction between the elements involved in the PSS, and suggests methods to model use cases and scenarios. Finally, it presents the way to develop a service blueprint from which service requirements for the PSS can be obtained. The design process of a PSS should cover the following phases: 12 
1.
Actor networks identification 2.
PSS envisioning: Use cases and scenarios.
3.
PSS structure representation.
Actor Networks Identification
The design of integrated products and services involves both social and technological aspects. This means that the design of the PSS should be based on the combination of several factors such as people, technological artefacts and cultural frames.
Both direct and indirect participants in the development of the PSS are relevant social groups. 13 A framework of criteria to analyse each of the individuals from these social groups has been proposed by Bijker. 14 In this research, these criteria were used to generate a set of user profiles within the telehealth system. These profiles were created according to users' key problems and requirements (Table 1) . From these profiles, it is possible to understand the possible interaction between each group by analysing their key problems and requirements.
PSS envisioning: use cases and scenarios
Analysing possible PSS scenarios, understanding case studies and defining requirements for a PSS are essential tasks that need to be accomplished in this stage. In this phase, a simplified description of the flow of events, conditions and actors involved in the telehealth service system use case was created ( Table 2) . From this description, it was possible to visualise the information flow for the telehealth service to be designed.
Use case identification task can be supported by scenario modelling tools, such as IDEF0, to gain better understanding of the system, especially of the flow of events and information exchange process. Based on the representation method drawn from the work of Griscenko, 11 it was possible to represent the telehealth PSS use case for the smartphone application. Fig 1 represents such a use case developed for managing diabetes. In Fig 1 patients 
Real-time access to patient's results
Analyses patient's results
Can see an overview of the patient results
Can alter patient's medication
Updates patient EPR
The main entity in this model is the ID that in this scenario would be the smartphone application. It is also necessary to notice that in this model there are two main users for the ID; patients and carers. As it is explained in the use case description, carers will only take part in the system when patients' health conditions require it.
PSS structure representation
Having a graphical representation standard becomes essential as PSS has to be represented in a way that is understandable for everyone. 10 However, graphic notations alone are not enough to represent all the elements of a PSS. A methodology called "service blueprinting" has been proposed. 15, 16 In a typical service blueprint there are five components:
17  Customer actions: Includes the steps that customers go through as part of service delivery.  Onstage contact: Includes all the interactions that occur face-to-face between the customer and the ones delivering the service.  Backstage contact: Includes every action that occurs and is not visible for the customer.  Support processes: Includes the activities carried out by people outside the system but that are necessary in order for the service to be delivered.  Physical evidence: Includes the physical elements that customers come in contact with for each customer action. Taking these elements into account, the service blueprint for the smartphone application was developed (shown in Appendix A). Analysing this service blueprint along with the telehealth scenario model of the previous section permitted the identification of the main service requirements for the telehealth smartphone application. This service blueprint was developed with reference to the work of Bordas-Eddy. 18 
Application description
The application works on the basis of users that suffer from long term conditions taking results from POC devices and storing these results on a remote database through a smartphone application. The test result can be entered into the application manually or transmitted directly from the POC device wirelessly using Bluetooth technology. Then, the result is transmitted and stored into a remote database via 3G mobile communication.
One of the potential issues of this application is the impossibility to transmit a result because communication channels are not available. For this reason, it is possible to check if the result has been stored properly in the database by accessing the web portal which displays the data stored in the database through the application.
The application gives the opportunity to manage the most common long term conditions. Hence, it is possible to use the application with a large number of POC devices, permitting patients who suffer from more than one chronic disease to have a multi disease management system in only one application.
Telehealth Smartphone Application Development
The following design considerations for telehealth smartphone application development are put forward by the authors of this paper: The operating system that was chosen to develop the smartphone application is Android. Android is a Linux-based operating system, which was especially created for mobile phones at the beginning, but which has been extended to tablets, MP3 players, netbooks or televisions.
It is an open source operating system, with Application Programming Interfaces (APIs) libraries written in C and applications running on Java.
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The (UML) Universal Modelling Language (UML is a modelling language designed for the meta-representation of object oriented software providing a comprehensive notation set) a representation of the developed telehealth smartphone application is available in Appendix B.
Case Study: Blood Pressure Monitoring Service
A case study was undertaken in order to validate the approach outlined in this paper. An application based on the design considerations (outlined in the previous section) was developed in this case study. The case study presents a complete service for a blood pressure monitoring telehealth system. The POC device used in the case study is the UA-767PBT blood pressure monitor manufactured by A&D Company Limited. 20 An interview with the manufacturers of this device, Saludnova, was conducted as part of the validation of the methodology developed in this research. The blood pressure monitoring device was selected as it was the one that complied with the widest range of national and international health regulations (the device also carries the CE (Conformité Européenne) mark of conformance with European Union standards). The UA-767PBT blood pressure monitor is equipped with Bluetooth wireless communication technology (Fig 2) .
Fig 2 Case study schema
The main User Interface (UI) screen (a screen provided for a user to enter data and operate the computer application) (Fig 3) is developed using self-explanatory icons to make the application as user friendly as possible. Having a self-explanatory UI gains special importance considering that a significant proportion of potential users, especially older people, have never used smartphones. The icons in the main screen represent the principal services offered by the application.
 New result: Allows users to store a new result from the POC device, either manually or via Bluetooth communication technology.  Patient History: Allows users to access their patient history to visualise a list of all the results stored in the system.  Health Information: Provides users with health related information to locate health related points of interest via GPS capability.  Emergency: Allows users to make an emergency call or send an automatic emergency SMS with the coordinates of the user.
Fig 3 Telehealth application main screen
By pressing the New Result icon it is possible to enter and store a new test result in the system. The result can be entered manually in the system or automatically through the Bluetooth capability of the blood pressure monitor (Fig 4) .
Fig 4 Receiving and storing a new result
Once the test result is obtained, the result could be sent to a platform such as Microsoft HealthVault 21 by pressing the save button. In this case study, the application has its own predefined risk levels for both systolic and diastolic pressure (14/9mmHg). Whenever a test result is over these pre-established limits, a message is sent to a pre-set emergency contact person. The test result data that has already been stored can immediately be displayed in a health portal such as that provided by Microsoft. In particular it can be linked to the charting services for blood pressure and can access data and records stored within the health portal relating to medical history. Health portals can also be used by professionals to access patient's data, have real time information on results or analyse patterns in the results.
Conclusions
The blood pressure monitoring service is only one sample of the multiple long term conditions that can be managed by this application. The case study presented in this paper is just one example of the important benefits that such systems can offer to Healthcare Institutions. While smartphones are starting to be used in telehealth scenarios, 22 the use of PSS to develop a telehealth smartphone application is a novel contribution to the area of telehealth application design. The Telehealth PSS design methodology and literature review supported the identification of the state-of-the-art in the design of telehealth smartphone applications. In this process, multiple methods and techniques, such as actor network identification, use case and scenarios modelling and service blueprinting, have been utilised. In this research, the PSS concept has allowed for design considerations and service requirements to be incorporated into telehealth smartphone applications from the start. A number of areas for future research have also been identified by the authors:
 Customisation of medical knowledge for a more patient oriented telehealth service.
 Providing the application with decision making intelligence so that multiple parameters can be taken into account, in cases where patients suffer from more than one condition.  Analysis on how this telehealth monitoring system would be adapted to fit with an enterprise healthcare system. The application development process has derived significant benefits from the use of a PSS design and development methodology. Without set benchmarks, standards, or methods for the design of telehealth smartphone applications, the PSS concept has proven to be a suitable methodology. With an emerging concept as telehealth PSS, it is likely that research to achieve the full potential of this approach will require further investment from Health Institutions. POC device Smartphone application UML representation
